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Abstract
Background: The main goal of this study was to conduct a comparative population genetic study of Turkisihgspeaki
Iranian Azeries as being the biggest etfinguistic community, based on the polympbrmarkers on Y chromosome.
Methods: One hundred Turkiskpeaking Azeri males from nortkest Iran (Tabriz, 2062009) were selected based
on living 3 generations paternally in the same region and not having any relationship with eachaotipdes were
collected by mouth swabs, DNA extracted and multiplex PCR done, then 12 Single Nudtebtiderphisms (SNPs
and 6 Microsatellites (MS) were sequenced. Obtained data were statistically analyzed by Arlegane.sof
Results: SNPs and Micrsatellites typing were compared with neighboring Turdgpkaking populations (from Turkey
and Azerbaijan) and Turkmens representing a possible source group who imposed the Turkish laniggabkld”"
centuries AD. Azeris demonstrated high level ofegydiversity compatible with patterns registered in the neighboying
Turkish-speaking populations, whereas the Turkmens displayed significantly lower level of genetic varfaioate
of genetic affiliation depends primarily on the geographic proximity.

Conclusion: The imposition of Turkish language to this region was realized predominantly by the process pf elite
dominance, i.e. by the limited number of invaders who left only weak patrilineal genetic tracgeimmopulations of
the region.
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Introduction plateau and its geographicébpographich and
Due to its gecstrategic location in the Middle climatic conditions with the subsequent develop
East, the Iranian plateau has served as a keymentof agriculture, pastoralism, and pastoral no
crossoad for humardisseminations and played Mmadism.The spread of these technological inno
a critical role in the migratory waves between Vations along with a series of major degnaphic
the populations of the Middle East and beyond and historical events, has resulted in a largexdi
(1-5). The most important lonterm factor in sty and dispersal of ethnic groups andglaages
this process was human adaptation to the Iranian(1, 6, 7).
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Between the third and second millenB&, the

strengthens the idea of Persia, being the main

Iranian plateau became exposed to incursions ofcrossoad forhuman dissemination (31, 1518).
pastoral nomads from the Central Asian steppesThis area is remarkable for itsgh level of eth

(1), which were a difficult environment for agri
culture but ideally suited to animal husbandigd
pastoral nomadism.

Presumablyyia an elitedominance procesexist
ing Dravidian languageacross the regeowas
substituted by Indelranianlanguage, whichs a
branch of IndeEuropean languagés-10). Also
their geneticimpacts wereas significant as the
imposition of their languagewnhich is clearly ob
servel in Iran (11), Pakistan (12) and northern
India (13).

In the period of the eleventh to thirteenth centu
ries AD the ArabMuslim, Seljuk andsubsguent
Turkic-Mongol invasions signaled the adi of a
new people with flocks and culture. Specifically,
in a series of rapid Arabluslim corguests in
the seventh century, the Aralnaies swept through
most of the Middle East, coptetely engulfing the
Persian landsrj.

nic and linguistic diversity, comprising the ma
jor language families (Ind&uropean, Altaic, and
Afro-Asiatic) currently spoken by more than sev
enty ethnically different populationsh{tp://mww.
ethologueorg)). This demonstrates the rote
Iran, whichplayed in population dispsal across
the latitudinal belt spanning from western Ana
tolia to the Indus Valley. Hoewer, there have been
gaps in higkresoluion genetic analyses for this
region to uncower population history at a fine scale,
for example, for particular ethnic and linguistic
groups.

In this project, we intended to et relatively
conprehensive information about the Y chromo
somediversityin Azerisliving in Iran Subseguently,
the principal aim of this papewasto identify the
place of Azeris in the frame of Turkspeaking
populations of the Middle East and to test the
extent of gene flowirom Central AsiaWe used

The dominance of the Arabs came to a suddenboth SNP and STR genetic mais on thenon

end in the miekleventh century with the arrival
of Seljuk Turks, a clan of the Oguz Turk8)(
The expanding waves of these Altapgeaking
nomads from Central Asia involved regions-far
therto the west, such as Iran, Irag, Anatolia, and
the Caucasus, where they imposed Altaic (Tahki
languagesin these western regiortspwever, the
genetic conibution is low or undeectable 14),

even though the power of these invaders was

someimes $rong enough to ipose a language
replacement, as in Turkey and Azerbaiah

Later, the Mongol armies also moved westward
and, by the early thirteenth century, established
their rule over a vast region, including Iran and
advancing as far west as tl@@gaucasus and Tur
key (1, 7). These waves of various invasions and
subsequent migrations resulted in major demo
graphic expansions in the region, which added

new languages and culture to the mix of peoples

that had preexisted in Iran.

In general, a consilable genetic diversitis ob
served in Iraniarpopulations, whichreserbles

to that of Middle East patterns as a whole and
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recombining portion of Ythromasome, whichpro-
vide high levelof geneticresoldion and are con
sistent with othesets of markers applied to the
studies on patrilineal getic history ofvariouspo-
pulations(19, 20).

Material and Methods

Buccal swab specimens were collecteom 100
ethnical Azeri men currently living in Tabriz, Iran
in 2008 One sample was latéiscardedas the

Y -chromosome typing was unsuccessful.

All donors were selected only if their paternal
grandatherswere from the same region atitky
were unredted to other donors at the granté
level. The samples were stored in a DNAg@ea
tive solution consisting of 0.5% dom dodeyl
suphate and 0.05M ethylenentiaetetraacetic acid
for transport pysoses. Saples werecolected
anonymouslyand informed consent was taimed
fromall individualsbefore samples were taken.

The comparative data sets have been taken from
previously published paperdq, 21, 23; the re
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sultsfor the Turkmen population are available only
for microsatellitdoci, therefore the coparson with
this data set was conducted only at STR markers.
Standard phendadhloroform DNA extractions were
performed. The strategy adopted for typing sam
pleswasdesignedo ensure informative cquarison
with existing published da. NRY werechaac
terized by 12 binary Y chromosome patpr-
phisms:92R7, M9, M13, M20, sY81, SRY+465,
SRY4064, SRY10831, Tat, M1AJu insertYAP,
and p12f2,(19, 23) and screened faix microsa
telite (MS) markers: DYS19, DYS388YS390,
DYS391, DYS392, and DYS393, as described
by Thomas et al(24). Hagdogroups (hg) were
defined by single nucletide polymophism (SNP)
markers accoidg to the Y Chranosome Caosor
tium nomenclaturg25). Microsdellite repeat num
berswere assigned accongdito Kayser et a{26).
Either the microsatellite PCR products and UEP
digestion products were run @m ABI310cap
illary-basedgeneticanalyzeror a gel based system
such as an ABB77 automated geencer. For the
ABI-310 geneticanalyzer 1.2 ul diquots of the
microsatellite PCR products or UEP digestion
products were mixed with 0.5l size standard
labeled with the fluorescent dye TAMRA (RE
Applied Biosystems) and 18l of deionized for-
mamide. Samples were denatied at 96 for

3 min am chilled on ice for 5 min before being
run, using POR polymer and a 36 cm PGP
capllary. For the AB#377 autonated sequencer,
1.0 ul aliquots of the microsalite PCR prod
ucts or UEP digestion products were mixed with
2.0ul of a loading buffe(formamide: dextran blue:
TAMRA-labeled size standard, in the ratio of
23:4:2).

Unbiased genetic diversity indelx, and its stan
dard error were calculated using the formulae of
Nei (27). Nei's Genetic Identityl, was calclated

in accordance withiNei (27). Pairwise geetic
distances (kr) were estimated from analg of
molecular variance (AMOVA)- st values with the
aid of Arlequin softwarg28). Tests for significant
population differentiation were a@d out using
the exact test for population difientiation(27, 29).
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Testing for differences ih between populations
was performed by bostrgpping method30).
Principal Coordinates Analysis wasonducted on
similarity matrices calculategisone minusGenetic
distance [Est, Rst) or based on Nei's Getic Iden
tity values. Figures along the maimagibnal,repre-
senting the similarity of eacpopuation sarple to
itself, were calculated from the estimatechejie
distance between two cis of the same sample.
Signature haplotype analysis (high frequency mo
dal haplotypes and modal clusterd9, 31-33)
was performed by hand.

Results

The number of haplogroups detected in Azeris is
the highest, nine, whereas in Eastéurks, it is
seven, and izerbaijanis,it is only five. The laer
might be explained by the limited number of speci
mens in this data set. Nevertheless, we tried to
make some inferences about the genetic structure
of these groups based on haplogrougueacies.

The most common haplogroup in all data sets is
haplogroup hatis present at almost equal rate
in the three groups: 39.39% in Azeris, 40.00% in
Azerbaijams and 39.02% in Eastern Turks. The
next frequently encountered haplogroup is hg BR*
(xDE,JR which is registered at 23.23%, 40.00%,
and9.76% respectivelyThehapgogroup*(xR1a)
E*(xE3a) and Rlal are also rather frequent in
Eastern Turks (19.51%, B8B% and 10.98%, re
spectively). It is necassry to add that haplo
gourp N3 defined by Tat ntation which pre
sumédly originated in Cemal Asia (34) is deected
only in Azeris and Azdgaijanis.

The overall comparison of population structures
betwea the groups shows that Azerbaijadit

fer significantly from Eastern Turks according to
exacttest of population differentiatiofi€ 0.0001);

in the same time, there is no sigrdint disparity
betweenthe IranianAzeris and the two other
(Azerbaijans and Eastern Turksgonpardive
data setsR> 0.05). This pattern of getic re
latedchess is supported also bgtivalues, which
indicate closer genetic affinity tveeenthe Azeris
and Eastern Turks, as well as és andAzerbat
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janis; the biggst genetic dimnce was detected
between Azerbaijanis and East Turks.

At STR level, we had possibility to add Turk
mensin comparative data sets. Microsatellite mark
ersidentified 137 haplotypes in total while con
sidering the four groups. The modiverse pat
tern of haplotypes is observed in Azerbaijanis

24-11-13-12, are detected also in Azerbaijanis
(2.50% each) and in Azeris (3.03% and 2.02%,
respectively), being absent in Turkmens. Two
modal haplotypes of Turkmens, ht-12-24-10-
11-13 (35.29%) and 182-24-10-11-13 (21.57%)
display very low frequency only in Ams (2.02%
and 1.01%, respectively).

and Azeris (32 haplotypes in 40 samples, and 76 Actually, these two haplotypes are estep neigh

in 99, respectively). In contrast, Eastern Turks
and Turkmens display mudbwer level of var
ability (49 in 82 and 18 in 51, respectively). It is
worth mentioning that Azeris bear 52 unique
hagotypes, i.e. they are not encountered in other

bors and therefore might be considered as one
modal cluster. The modal cluster iufkmens, the
most pronounced one, accounting for 60.78%; was
found at low frequency only in Azie (3.03%)
and is totally absent in Azerlgmis and Eastern

three data sets; only two haplotypes were sharedTurks (Table 2). The modal ctes of Azeris and

by all groups considered.

The abovementionedpattern of genetic vaaibility

is reflected in the actual vada of genaliversity,

h (Fig. 1). The Azeris show the highdstvel of ge
netic diversity (h=0.9934, boattrapped value
0.9834). The dramatically lower rate of this- pa
rameterwas registered for Turkmens (actualue
-0.8267, bootstrapped valu®.8069. Azerbai
janis and Eastern Turks also have rather high
level of gene diversity, #hough they are still lower
than in Azeris. While comparing differences in h
values we found two not sigrafnt differences
between Azerbmnis and Azerisas well as be
tweenAzerbajanis and Eastern Turkasing boot
strap method. In case of Bayes@approach, all
possble comparisons show significarkvel of
differences P< 0.0001, Tabld).

The AMOVA analysis revealed that the bulk of
observedgenetic diversit is explained bywithin-
population differentiation (94.16%), and only about
5.84% reflects intepopulation va®ability. Once
again, this result supports the geal rule that
within-group variability is the main source of
human genetic diversity.

The Azeri modal haplotypes, ht 145-23-10-11-

12, is detected at 5.05% rate and is modal in
Azerbaijani data set (7.50%). The comparable
level of this haplotype is found in Eastern Turks
(6.10%), while in Turkmens it is at 1.96%. The
modal haplotypes in Eash Turks data set, each
at 8.54%, ht 132-24-10-11-13 and ht 1412-
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Azerbaijanis, being the same, accounts, respec
tively, for 20.00% and 14.14%; it is at compara
ble rate in Eastern Tkey (9.76%) and at much
lower level in Turkmens (1.96%). Eastern Turks’
modal clusters, aoounting for 10.98% and 9.76%,
are present only in neighboring populations (Azer
bajanisand Azeris) and are absent in Turkmens.
It displays some important patterns of relation
ships between the groups. First, it is rather evi
dentthat Turkmens are almost equally distant from
the rest of Turkiespeaking populations stiadl.

In the same timeAzeris, Azerbaijanis, and Easter
Turks form some sort of dense ¢kis possibly
reflecting the close genetic contacts betwéleese
groups compared to Central Asian Turkjpeak

ing peoples. While construng PCO plots based
on SNP+MS hapltypes,the relationship between
Middle Easern populations becomes more refined
and it is in a full accordance with the results of
genetic distance comparison.

Once again, the plot proves that Azeris occupy
intermediate position between their close neighbors
that might witness to some extent a common origin
and/orintense genetic contacts since ancient times.
The mentioned relationships between the popu
lations are fully supported by the exact test of
population differentiation (Tlle 3 based on MS
data ony).

Genetic distance data (Rst based on MS only)
were used to visualize the spatial relationships
of the groups (Fig. 2).
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Fig. 1: Genetic diversity, h, with bootstrap 95% confidence intervals

Table 1: Pairwise differences in h values based on SN8-Hdplotype (lower left table, based on bootstrap approach; up
per right table, based on Bayesian mejhod

Azeri Azerb ET Turkmen

(n=99) (n=40) (n=82) (n=51) h
Azeri - 0.0000 0.0000 0.0000 0.9934
Azerb 0.5721 - 0.0000 0.0000 0.9885
ET 0.0122 0.9004 - 0.0000 0.9744
Turkmen 0.0000 0.0001 0.0003 - 0.8267
Significant values in underlined

Table 2: Frequently Encountered Clusters
Azerb Azeri ET Turkmen

MS (n=40) (n=99) (n=82) (n=51)
141523101112 0.2000 0.1414 0.0976 0.0196
1312241011 13 0.0250 0.0606 0.1098 0.0000
141224111312 0.1000 0.0303 0.0976 0.0000
1512241011 13 0.0000 0.0303 0.0000 0.6078

Significant values in underlined
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4§ - bors. The same statement could be attributed to
the Azerbaijanis and Eastern Turks. It seems
that Turkmens had no markedut in the gene

2.5 1 pool of Azeris,Azerbaijanis,and Eastern Turks,
despite very close linguistic fafity of these groups
belonging to Turkiespeaking populations. We have

o 0571 @ET all grounds to sugpst that language replacement
e ® Azerb ® Turkmen t K ol th h elite d . h

S 051 @ Az ook place through elite dominance phenomenon
[=H

rather than demic diffusion mod&s).

A weak genetic affinity between Middle Eastern
25 - Turkic-speaking populationsand Turkmens is
possibly explained by the fact that Central Asian
populations had not any essential gene flow to

-4,5 - - ! the origin of Turkic speaking peoples of South
-0.2 0 0.2 04 0.6 Caucasus and Asia Minor, which is supported
PCOL (90.2%) also by the results of& L Q Q L& -aD R1).

Therefore, the imposition of Turkic language to

Fig. 2: Principal coordinates plot based ogrRalues | _ : : )
this region was realized predominantly by-lim

Table 3: P values for the exact test abpulation differ ited number of invaders who left only weak- ge
entiation basedn MS data netic signal in modern populations of the region.
Azerb  Azeri . ET Tarkmen The same pattern @eographicvs. genetic re
(n=40) (=99) (n=82) (n=51) latechess was revealedhile comparing Inde
Azerb i European speakiri§akhtiari, and Semitispeaing
. Arabs(36). Both mtDNA and the Y chronsome,
Azeri 0.363 - . . .
—_ showed a close relationship of these groups with
ET 0009  0.060 - eachotherand with neighbang geographic groups,
Turkmen  0.000  0.000  0.000 - irrespective of the lajuage spoke Moreover,
Semiticspeaking North African groups are more
Discussion distant genetally from Semitiespeaking groups
The results obtained show that the rate of ge from the Near East and IraBimilar results were
netic relatedness beéen the populationson recently obtainedn the region of norttwest Iran:

sidered depends in the first instance on theiapa the Uromian people (Iranian Muslim groupjsd
proximity than on the belonging to the same lin play a particularly close genetielationship to the
guisticgroup. In this context, these oatnes were  Armeniansliving in the same area), Thus, gee
highly expected taking into considéom the actual  graphicalproximity better explains geneticlaie
geographitocation ofthe three pogations. Azeris, edhess between populations than linguistiatre
being situated in heveen Azebaijanis and East edness in this part of the world.

ern Turks, had more possibéis of genetic con As it was slown in ourrecently publishedesults
tacts with both groups as the closest neighbors, (37), based on multivariate classificatidranian
while gene flow between Azeaijan and East Azeris and their closeneighbors Pesians and

ern Turkey could have beerthar limited. Armeniansform a rather distinct clasr of Middle
In general, we can make rather strong inferencesEast origin. This pattern was ¢&ined bothwhile
about thegenetic relatedness between fiugula udgng Pringpal Coordinate Analysis andeighbor

tions under consideration. The principal asehat Joining method for phggenetic inferences.
Iranian Azeris have much weaker rggtic affinity As a whole, the results obtained indicate that the
with Turkmens than with their imrdete neigh used set of genetic markers is an appropriate tool
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for population genetics study of such an ethni

cally and linguisticdy complex area as the Mid
dle East. The methods applied allowed degtish
ing fine specific features of each pdgtion and
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